The ultrastructure of cortical granules in sea urchin eggs (Hemicentrotus pulcherrimus) was investigated electron microscopically following block staining with phosphotungstic acid (PTA). The lamellar substance of the components of cortical granules showed intensive affinity for PTA, while non-lamellar substance was not stained. The origin and chemical components of the cortical granules were discussed from the point of their affinity for PTA.
The ultrastructural research has been made on the cortical granules of eggs in many animals, especially in sea urchins (1, 3, 13, 15, 18) . The cortical granules of sea urchin eggs show specific ultrastructures in each species electron microscopically (1, 8, 16) . Each components of the cortical granules in sea urchin eggs has special role to the cortical reaction and contributes to the formation of fertilization membrane following insemination (4, 13) .
Since the description of McCulloch (10), it is assumed that cortical granules contain mucopolysaccharide in significant amount. Recent electron microscopic and cytochemical observations (1, 2, 3, 15) also support this viewpoint but the detailed components are still unclear.
The present paper deals with a special affinity of components of the cortical granules for phosphatungstic acid (PTA), which is known as specific stain for polysaccharide, including discussions on the chemical components of the cortical granules.
MATERIALS AND METHODS
Japanese sea urchin species, Hemicentrotus pulcherrimus, collected in early breeding season (in December) at Naruto, Tokushima, Japan was used. The ovaries containing many oocytes and mature unfertilized eggs were first fixed in buffered 3 % glutaraldehyde (with phosphate buffer, at pH 7.8) (14) in sea water for 1 hour, at 0°C and washed in cold sea water and then postfixed in buffered 1 % osmium tetroxide (buffered in veronal acetate buffer, at pH 7.8) in sea water for 1-2 hours at 0°C. In other instances, glutaraldehyde-fixed materials were stained with 20 % PTA dissolved in methanol during the dehydration (block staining) (7) . Dehydration is routinely performed in increasing concentrations of ethanol and embedded in Epon 812 (9) and/or Epon 815 (6) . Thin sections were cut by a LKB Ultrotome and some sections were stained with uranyl acetate (21) and/or with lead citrate (12) . They were then examined with JEM-6C type electron microscope.
RESULTS
Immature eggs, oocytes in later stage of oogenesis , are found in the ovary. The surface of them is irregular and many microvill .i extend from the egg surface (Fig . 1) . The cytoplasmic processes of nurse cells are also predominant in the intercellular space. In peripheral cytoplasm of the immature eggs , mitochondria (M), yolk granules (Y) and cortical granules (Cg) were found. The ultrastructure of the cortical granules in electron micrographs is appeared more distinctly in immature eggs than in fully matured eggs (16) . In Hemicentrotus pulcherrimus , the cortical granules show mainly three parts, i.e., a concentlic lamellar structure (Ls), masses of non-lamellar substance (Ns) near the limiting membrane (Lm) and their matrix (Mx), following glutaraldehyde-osmium tetroxide fixation in sea water (Fig. 1) .
The lamellar substance show intensive affinity for PTA, while non-lamellar substance was not stained following block staining with PTA (Fig.2) . Yolk granule was shown as an aggregate of dense particles. The limiting membrane of cortical granules and yolk granules was not appeared. Glutaraldehyde-fixed materials embedded without postfixation with osmium tetroxide fail to show membranous structure. The cytoplasm was filled with rough-surfaced endoplasmic reticulum, free ribosomes and contents of the microvilli (Mv) of an oocyte and processes (Pr) of nurse cells also showed affinity for PTA (Fig.2) . Examination was also made of the cortical granules fixed in glutaraldehyde, and stained with PTA during dehydration (block staining). The section was stained with uranyl acetate and lead for long period (Fig.3) . The lamellar substance was strongly stained and interlamellar filaments (ilf) and fine particles at the base of the filaments were shown. The limiting membrane of the cortical granules did not appear, but non-lamellar substance was weakly stained by the lead staining.
DISCUSSION
Recent electron microscopic observations clarified ultrastructures of the cortical granules. An attention was called for the chemical components of them in many animals (1, 2, 3, 5, 10, 13, 15) . In sea urchin, it is known that cortical granules consist of two or three parts, which show specific ultrastructures in each species following fixation in osmium tetroxide in sea water (1, 8, 13, 16) or in the mixture or the combinations of different fixatives (acrolein, aldehydes such as formaldehyde and glutaraldehyde, chromic acid and potassium permanganate) containing sea water components (3, 10, 19) . Each part of the cortical granules has a special role following a cortical reaction after insemination (4, 13) .
Since the report of McCulloch (10), it has been assumed that the cortical granules in sea urchin eggs contain mucopolysaccharides in a significant amount. Recently, Anderson (3) pointed out the presence of basic protein and acid mucopolysaccharide in the cortical granules in Arbacia eggs. With the application of ruthenium red, Szollosi (15) suggested mucoid substances in cortical granules of mammalian (rat and hamster) eggs, which show similar cortical reaction as in sea urchin species after insemination.
Phosphotungstic acid (PTA) is known as specific stain for periodic acid-Schiff positive substances (11) . The present investigation applied this agent in order to investigate the nature of components of cortical granules of sea urchin , Hemicentrotus pulcherrimus. The detailed ultrastructure of cortical granules in this species was previously reported (19) . The lamellar substance of cortical granules show intensive affinity for PTA. At the cortical reaction the lamellar substance contributes to reinforce the fertilization membrane . The lamellar substance in this species corresponds to the electron opaque structure in Clypeaster japonicus (4) , being contributable to reinforce the fertilization membrane at cortical reaction after insemination. After definite time of insemination the fertilization membrane shows specific affinity for PTA, while the egg plasma membrane of unfertilized eggs does not show affinity for it. The materials in cortical granules and yolk granules which are found in the cytoplasm of the middle or later stage of oocyte are taken from nurse cells in the ovary (20) . In a recent review Runnstrom (13) described the germ of the cortical granules in follicular cells (i.e., nurse cells) in the ovary of Brissopsis lyrifera. The present author previously observed the granules showing lamellar structure (17) in the nurse cells which show similar affinity for PTA as cortical granules (20) . The author thought that these granules appeared in nurse cells contain mucopolysaccharide and they are taken into oocyte during oogenesis. Chemical components of the cortical granules were shown by Aketa (2) and by Runnstrom (13) more definitely. Runnstrom (13) suggested the presence of acid mucopolysaccharide conjugated with protein in all components of the cortical granules even in the matrix. Proteins also show affinity for PTA (22) , however, in the present investigation the matrix of the cortical granules did not show any affinity for PTA. The present author assumes that acid mucopolysaccharide conjugated with protein is localized in the lamellar structure in this species. These results are important in elucidating the origin and chemical components of cortical granules.
